Gynostemma pentaphyllum (Thunb.) Makino (Cucurbitaceae) is a perennial creeping herb frequently used as a folk medicine in China [1] . Various dammarane-type glycosides (gypenosides) that are structurally similar to ginseng saponins have been reported from this plant [2] . To date, more than 100 gypenosides have been isolated from various pieces of Gynostemma [3] [4] [5] . Improved glycemic tolerance, reduced exogenous glucose-induced hyperglycemia, and a lowered plasma glucose level were observed in the presence of gypenosides in rodent models, suggesting their considerable therapeutic value [2, [6] [7] [8] . Consequently, a variety of herbal drugs, functional foods, and tea products based on G. pentaphyllum has emerged in the Chinese market since the early 1990s. Recently, by LC-MS analysis, we discovered that the LC-MS profile of the roots of G. pentaphyllum which grows wildly in Enshi County, Hubei Province is different from that of the one cultivated in Hunan Province [4, [9] [10] [11] . This prompted us to investigate the substantial chemical components in the wild-type of this plant, leading to the isolation and structural characterization of twelve new dammarane-type glycosides. The study presented here further confirms the clear difference in components between the wild-type and the cultivated G. pentaphyllum. Indeed, many previous reports [4, [9] [10] [11] [12] [13] [14] [15] based on chemical fingerprint analysis and other chemical studies have indicated that different geographical distribution, time of collection, and species may account for great variation in contents and composition of the corresponding total saponins.
Material and Methods

!
General
Optical rotations were measured on a Perkin-Elmer 341 polarimeter. IR data were recorded on a Nicolet FTIR 750 spectrophotometer. 1 H, 13 C, and 2D-NMR spectra data were obtained in pyridined 5 on a Bruker AMX 400 instrument. Chemical shifts are expressed in δ (ppm) with reference to pyridine-d 5 . ESIMS were run on a Bruker Esquire 3000 Plus spectrometer. HRESIMS were determined on a Micromass Q-Tif Global mass spectrometer. GC experiments were taken with a GC-MS-QP5050A instrument (Shimadzu), using a db-1 column (0.25 mm i. d. × 30 m; column temperature 200°C; injection temperature 250°C; carrier gas N 2 at flow of 32.2 ml/min; detector, EI-MS). HPLC was run on a Waters 2690 separation module equipped with an Alltech ELSD 2000 detector and a Kromasil C 18 column. Open column chromatography (CC) was carried out using AB-8 macroporous resin (Tianjin Pesticide Co.), silica gel (200-300 mesh; Qingdao Marine Chemical Ltd.), RP-18 (20-45 µm; Fuji Silysia Chemical Ltd.), and Sephadex LH-20 (20-100 µm; Pharma-
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Twelve new dammarane-type glycosides (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) were isolated from the ethanol extract from the roots of a wild-type of Gynostemma pentaphyllum. The structures of the compounds were elucidated by 1D and 2D NMR spectroscopic analysis as well as by chemical degradation. The compounds contained six structurally diverse aglycons similar to those of the reported ginseng saponins with differences in the oligosaccharide moieties. b cia). TLC was performed on GF-254 silica gel plates (Yantai Huiyou, Inc.). All solvents used were of chemical grade and purchased from the Shanghai Chemical Plant.
Plant material
The roots of Gynostemma pentaphyllum were collected in Enshi County, Hubei Province, PR China in May 2008, and authenticated by Prof. Yaping Xiao. A voucher sample of the plant (2008SA-NU045) was deposited at Shaanxi Normal University, Xiʼan, PR China.
Extraction and isolation
Dried and powdered roots of G. pentaphyllum (969.0 g) were extracted three times with EtOH (70 %) under reflux for 2 h. The extract was concentrated in vacuo to give a dark residue (180.0 g). The residue was resuspended in H 2 O, and the aqueous solution was passed through a macroporous polymer gel column AB-8 (10 × 80 cm); 30 %, 70 %, and 100% aqueous MeOH, 20 mL/min, solvent volumes of 30 %: 3 L, 70 %: 5 L, 100 %: 5 L. The 70 % MeOH eluate (70.0 g) was subjected to silica gel column chromatography (200-300, mesh) eluted with CHCl 3 -MeOH (80 : 1 to 10 : 1) to yield fractions A-G. Fractions A, B, and C were separated by flash column chromatography on an RP-18 column (25-40 µm; 4 × 23 cm) eluted with 40-45% aqueous CH 3 CN, 10 mL/min to yield 1 (30 mg), 2 (20 mg), and 3 (25 mg), respectively. Fr. D was purified by RP-18 column (20-45 µm; 4 × 23 cm) aqueous CH 3 CN, 30 %, 10 mL/min) to give 4 (12 mg) and 5 (22 mg). Fr. E was passed through a Sephadex LH-20 column (25-100 µm, 2 × 70 cm), MeOH, 15 mL/min, and then subjected to reversed-phase column chromatography (C18, 20-45 µm, 4 × 10 cm) aqueous CH 3 CN, 25% to 40%) to give 6 (18 mg) and 7 (20 mg). Fr. F was subjected to an RP-18 column, with gradients of aqueous MeOH (60 %, 70 %, 75 %), and then further separated on Sephadex LH-20 (MeOH) to yield 8 (45 mg), 9 (37 mg), and 10 (25 mg). Fr. G was chromatographed on RP-18 (4 × 23 cm), 10 mL/min with increasing aqueous CH 3 CN (65% to 70%) to obtain 11 (50 mg) and 12 (56 mg).
Acid hydrolysis of compounds 1-12
Compounds 1-12 (4 mg, each) were heated at 80°C in 10 % HCldioxane (1 : 1, 1 mL) for 4 h in a water bath. The reaction mixtures were neutralized with NaHCO 3 . After removal of the solvent, the residue was partitioned between CH 2 Cl 2 and H 2 O for three times. The aqueous phase was evaporated and passed through a Sephadex LH-20 column eluted with MeOH-H 2 O (1 : 1), 10 mL/min to get a sugar fraction. The monosaccharide portion was examined by TLC (GF-254 silica gel) with CHCl 3 -MeOH-H 2 O (55 : 45 : 10) and compared with authentic samples.
Determination of sugar components
The monosaccharide portion was obtained by hydrochloric acid hydrolysis as described above, and the residue was dissolved in pyridine (1 mL) under Ar. L-leucine methyl ester hydrochloride (2 mg) was added. The mixture was stirred for 1 h at 60°C. Then NaBH 4 (2 mg) was added. The mixture was warmed for 1 h at ambient temperature, and then trimethylsilylating reagent trimethylchlorosilane (Shengyu Chemical Ltd.; 0.2 mL) was added to the Tables 5   Table 2 NMR spectroscopic data (400 MHz, C 5 D 5 N) for the sugar portion of compounds 1-4. 
Supporting information
HMBC spectra for compounds 1-12 are available as Supporting Information.
Results and Discussion
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An ethanol extract of the roots of G. pentaphyllum was dissolved in water and passed through a porous polymer gel Diaion AB-8 column, and the 30-70 % methanol eluate concentrated. The resultant residue was submitted to multiple chromatographic steps including silica gel, reversed-phase silica gel RP-18, and Sephadex LH-20, yielding compounds 1-12 (l " Fig. 1 ) as white, amorphous powders. C NMR spectrum of 1 were assigned to the carbons of aglycon, which are very similar to 20S-protopanaxadiol [16] . The significant downfield shift observed for C-3 (δ 89.3) and C-20 (δ 83.1) suggested that 1 was a bisdesmoside. C NMR spectrum gave 55 signals, of which 30 were assigned to the aglycon and 25 to the sugar moieties. The 1 H NMR showed the signals of seven singlet aglycon methyl groups at δ 0.78-1.60, of which two were linked with an sp 2 carbon (δ 1.55 and 1.60) and an olefinic proton at δ 5.20 (1H, t, J = 6.3 Hz), respectively. The β-configuration of the C-3 hydroxyl substitution was determined on the basis of chemical shift and J value of the proton H-3α at δ 3.34 (1H, dd, J = 11.3, 3.8 Hz). A partial structure aglycon of 2 was similar to the aglycon of gypenoside VN1 [17] , and from its NMR data, the aglycon of 2 was identified as 3β,12β,20S,21-tetrahydroxydammar-24-ene. Comparison of the 1 H NMR and 13 C NMR of 1 and 2 indicated that they contained the same saccharide portion. By further GC and HMBC (Fig. 2S , Supporting Information) spectroscopic data analysis, the structure of 2 was elucidated as 3β,12β,20S,21-tetrahy-
The positive HRESIMS of 3 displayed a obvious molecular ion peak at m/z 953.5445, corresponding to an elemental formula of C 48 C NMR spectra with those of 3, the presence of a carboxyl group (δ 176.5) was indicated. The HMBC (Fig. 4S , Supporting Information) spectrum showed that the position of the carboxyl group was assigned to C-21. Moreover, a correlation was observed between H-22 (δ 2.08, 2.26) and the carboxyl carbon C-21 (δ 176.5). Comparison of the NMR spectroscopic data of the aglycon with those of reported 3β,20S-dihydroxydammar-24-ene-21-carboxylic acid [18] led to the elucidation of the aglycon of 4 as 3β,20S-dihydroxydammar-24-ene-21-carboxylic acid. One more β-glucopyranosyl unit was found in compound 4 by comparing the 1 H NMR and 13 C NMR spectroscopic data of the sugar moieties between compounds 4 and 3. The correlation between H-1 of glc" δ 6.44 (d, J = 7.8 Hz) and C-21 (δ 176.5) of the aglycon indicated that this additional β-glucopyranosyl unit is directly linked to the aglycon. The correlations and sequences of other sugar moieties were confirmed by HMBC experiments. Thus, the structure of 4 was elucidated as 3β,20S-dihydroxydammar-24-ene-
The positive HRESIMS of compound 5 showed an accurate [M + Na] + ion at m/z 1217.6301 (calcd. for C 58 H 98 O 25 Na, 1217.6295), corresponding to the molecular formula C 58 H 98 O 25 . 13 C NMR spectrum analysis of 5 in comparison with that of 3 suggested that they possessed the same aglycon. The evaluation of chemical shifts and spin-spin coupling of the sugar moieties of 5 allowed two β-glucopyranosyl units, two β-xylopyranosyl units, and one α-rhamnopyranosyl unit. The relatively large J values (6.9-7.8 Hz) indicated a β-anomeric configuration of glc and xyl while the multiplicity of anomeric 1 H NMR signals of rha (br, s) indicated an α configuration. Upon acid hydrolysis, D-glucose, D-xylose, and L-rhamnose in a ratio of 2 : 2 : 1 were determined. Analysis of the HMBC (Fig. 5S , Supporting Information) data of 5 then yielded crucial information on the linkage sites and sequence of sugar moieties and the aglycon. Cross-peaks between H-1 (δ 4.88) of glc and C-3 (δ 88.8) of the aglycon, H-1 (δ 6.43) of rha and C-2 (δ 76.5) of glc, H-1 (δ 5.00) of xyl and C-3 (δ 88.0) of glc, H-1 (δ 5.33) of glcʼ and C-20 (δ 84.7) of the aglycon, and H-1 (δ Table 5 NMR spectroscopic data (400 MHz, C 5 D 5 N) for the aglycon of compounds 9-12. 
Comparison of the NMR spectroscopic data of compound 6 (C 48 H 80 O 18 , found for C 48 H 80 O 18 Na, 967.5242 [M + Na] + ) with those of 4 showed that they possessed the same aglycon portion but different sugar portions. The oligosaccharide structure was determined by 1D, 2D NMR spectroscopic experiments (Fig. 6S , Supporting Information), acid hydrolysis, and GC analysis, which proved to be identical to those of 3. The structure of 6 was deduced as 3β,20S-dihydroxydammar-24-ene-21-carboxylic acid (Fig. 7S, Supporting Information) , the same sugar moieties were confirmed in both compounds. The linkage sites and sequences of the saccharide units and the aglycon were also determined by HMBC experiments. Consequently, the structure of 7 was elucidated as 20S- [17] , the side-chain structure was characterized to be 3β,20S, 21,25-tetrahydroxydammar-23-ene. In addition, the same sugar portions were determined in compound 8 upon comparison of its 1 H-and 13 C NMR data with those of compound 4. Consequently, the structure of 8 was determined as 3β,20S,21,25-tetra- C NMR spectroscopic data of 9 with 3 indicated that the aglycon of compound 9 was the same 3β,20S,21-trihydroxydammar-24-ene as in compound 3. Moreover, the sugar portions of 9 were similar to those of 4 by comparing their NMR data. However, the appearance of an additional β-xylopyranosyl unit was observed. The β-D-xylopyranosyl unit was defined on the basis of the J value of its anomeric proton (J = 7.8 Hz) together with GC analysis. The linkage site was deduced from an HMBC experiment (Fig. 9S , Supporting Information). A long correlation was observed between H-1 of xyl and C-6 of glc. Consequently, the structure of 9 was characterized as 3β,20S,21-trihydroxydammar-24-ene-
A molecular formula of C 59 H 98 O 27 was given for compound 10, as determined from the HRESIMS data, [M + Na] + at m/z 1261.6196 (calcd. for C 59 H 98 O 27 Na, 1261.6193). The NMR spectra of the aglycon are similar to those of 4. The C NMR spectra of compound 11 with compound 8 revealed that they possess a similar aglycon whereas the presence of a carbonyl carbon signal (δ 211.9) instead of a methylene carbon was exclusively observed in the 13 C NMR of 11. The aglycon structure was further confirmed by comparison of the NMR data with those of gypenoside VN4 [17] . The only difference in portion signals of the sugar moiety between 11 and gypenoside VN4 is the presence of one extra glucopyranosyl unit that links to C-6 of the glcʼ in 11. The structure of 11 was thus postulated as 12-oxo-3β,20S,21,25-tetrahydroxydammar-23-ene-3-O-{[α-L-rhamnopyranosyl(1 → 2)] [β-D-glucopyranosyl(1 → 6)-β-Dglucopyranosyl(1 → 3)]-α-L-arabinopyranosyl}-21-O-β-D-glucopyranoside, which was further confirmed by the correlation observed in the HMBC spectrum (Fig. 11S, Supporting Information) and GC analysis. The 1 H-and 13 C-NMR spectroscopic data of compound 12 was similar to those of 4. However, the C-6 hydroxyl group of glcʼ was observed to be glycosylated. The β-glucopyranosyl unit was defined on the basis of the J value of its anomeric proton (J = 6.6 Hz). The linkage sites and sequences of the five saccharides and the aglycon were deduced from an HMBC experiment (Fig. 12S, Supporting Information) . Consequently, the structure of We have successfully isolated and characterized twelve new dammarane-type glycosides from G. pentaphyllum which grows wildly in Enshi County, Hubei Province. The diverse side-chains at the aglycon C-17 position of the gypenosides were determined to be similar to those of the reported saponins [2] . Importantly, we confirmed in this study that the chemical components of the wild-type G. pentaphyllum were clearly different from those of the cultivated ones [4, 9-12, 14, 15] . Therefore, the currently commercially available drugs, functional foods, and tea products that are essentially produced from wild and cultivated types should not be inappropriately labeled identically in component, function, etc. Meanwhile, the establishment of a standard quality control based on chromatographic fingerprint analysis techniques for wild and cultivated type products is urgently required.
